A new clinicopathologic syndrome, possibly familial, in Great Dane dogs, resembles the familial childhood variant of calcium pyrophosphate dihydrate deposit disease in man, except that the mineral deposits were composed of amorphous calcium phosphate or hydroxyapatite rather than pyrophosphate. The syndrome was characterized clinically by paraplegia and incoordination in very young puppies which was caused by concentric constriction of the posterior cervical spinal cord. Canal stenosis resulted from dorsal displacement of the seventh cervical vertebra and deformation of the vertebral articular processes. Mineral deposition in the diarthrodial joints of the axial skeleton could be seen on radiographs of weanling puppies, and the appendicular skeleton became involved as the dogs matured. Periarticular mineralization of the limbs was associated with shorter bones, a thin cortex, abnormal bone curvature, and increased medullary trabeculae. Bone alterations were associated with abnormalities of the growth plate, which had focal areas of cartilage calcification. Soft tissue mineralization, seen in all dogs, was a primary feature of the disease process. Serum calcium concentrations were within the normal range, but serum phosphorus concentrations were decreased.
crystal deposit disease, articular chondrocalcinosis actually indicates radiologic or histologic evidence of abnormal calcification of hyaline joint cartilage. Calcium pyrophosphate crystals are the type usually found in articular chondrocalcinosis in man; crystals of calcium hydrogen phosphate dihydrate, however, have been identified by scanning electron microscopy in destructive arthropathy and articular chondrocalcinosis [8] . Apatite deposition disease was described in 1976 as a new arthropathy in man [6] . To identify particles of crystalline calcium hydroxyapatite in synovial fluid and biopsy material, a method was developed that uses high-resolution scanning electron microscopy and an energy-dispersive micro-analytical system. Particles of hydroxyapatite were identified in the joints of patients with osteoarthritis, and it was shown experimentally that hydroxyapatite crystals could cause an acute inflammatory reaction [6] .
We describe a new clinicopathologic entity in Great Dane dogs. The disease resembles the familial childhood variant of calcium pyrophosphate dihydrate deposition disease in man, although the principal mineral deposits in Great Danes were amorphous calcium phosphate or hydroxyapatite rather than calcium pyrophosphate.
Case History
Puppies from three litters of Great Danes had a similar clinicopathologic syndrome, characterized clinically by incoordination and paraplegia. In the first litter, at five weeks of age, two of nine puppies had a peculiar gait. At seven weeks, six of the nine puppies were affected, and only two males and one female were clinically normal. Some could hold themselves up on their front legs, but the front legs were difficult to flex. Eventually, all of the dogs in the litter were killed, and one male was submitted to the Florida State Diagnostic Laboratory for examination. Tissues from this dog had changes similar to those in two other litters that constituted our study group.
Study Group

Litter 1
A second mating of the sire and dam that produced the litter described above resulted in a litter with two dead and eleven live offspring. Puppies were fed supplementally from a bottle containing half evaporated milk and half water with added corn syrup. At three weeks of age, the dogs were fed a commercial pelleted dog food mixed with milk; no other supplemental nutrients were added. At 5 % weeks of age, one female puppy showed signs of incoordination, particularly in the hind legs. The dog was unable to stand but could drag itself forward. She was donated when six weeks old. A second affected female was donated when five months old (table I) .
Litter 2
Another litter of Great Dane puppies from a different sire and dam but with the same grandsire as litter 1 became affected with a similar clinicopathologic syndrome. At least five of a litter of 12, one female and four males, had some degree of paresis by seven weeks of age. During gestation, the dam was fed dry dog food, yogurt, calcium phosphate, cod-liver oil and yeast. Pups were supplementally bottle-fed with a reconstituted milk formula, and pups were weaned onto a mixture of canned milk, baby cereal, calcium phosphate, cod-liver oil, and yogurt. Two affected puppies and one clinically normal puppy were donated for study (table I) .
Materials and Methods
The study group consisted of five Great Dane puppies, two from litter 1 and three from litter 2. Three were paraplegic, one had signs of hind-limb paresis, particularly on turning, and one was clinically normal. In addition to the donated dogs, a "control" serum sample was obtained from an 8-week-old Great Dane from an unrelated litter. An adult mixed-breed dog also served as a control for some of the renal studies (table I) . All dogs were housed in the laboratory animal facilities at the J. Hillis Miller Health Center. Special care was taken in cleaning and feeding the dogs because most were paralyzed or ataxic. A physical, neurologic, and radiologic examination was conducted on each dog. All clinical chemical determinations on blood and urine were made by the clinical laboratories at Shands Teaching Hospital. Determination of hematologic values (white blood cell count, differential count, red blood cell count, packed cell volume, hemoglobin, sedimentation rate, and reticulocyte count), blood chemistry measurements (carbon dioxide, chloride, sodium, potassium, magnesium, creatinine, blood urea nitrogen, triglyceride, cholesterol, albumin, uric acid, bilirubin, lactic acid dehydrogenase, glutamic-pyruvate transaminase, creatine phosphate kinase, alkaline phosphatase, inorganic phosphate, and total protein), and urinalysis (specific gravity, protein, sugar, and ketones) were done periodically on each of the donated dogs.
The following special tests were done on selected dogs: arterial blood pH, blood bacterial cultures, serum vitamin D metabolites, calcium and phosphorus balance studies, renal function studies, oral phosphate tolerance test, urine amino acid screen, and total urinary hydroxyprol i e . Determination of vitamin D metabolites was made by Dr. H. F. DeLucca, University of Wisconsin at Madison. Calcium and phosphorus balance was determined by a modification of reported analytical procedures [ 1 11 . Calcium and phosphorus excretion and tubular reabsorption were calculated by given standard methods [ 1 11 . Prior to the calcium and phosphorus balance studies, 500 mg oxytetracyclme per day was given to the test dog on two successive days. An oral phosphate tolerance test was done [5] . Since serum calcium and phosphorus values may be elevated in young growing animals, values for Great Danes were taken from the literature [lo] . Statistical methods were used to construct a straight line that estimates the decline of serum phosphate values of Great Danes with age, and 95% confidence intervals about the line were calculated [20] .
The five dogs were necropsied, and tissues from the examined organs were fmed in formalin. Portions of the thyroid and parathyroids were placed in Trump's fixative and processed for electron microscopy. Calcified joint tissue from the costal vertebral articulation of dog 5, litter 2, was embedded in plastic. Thin plastic sections on grids were examined by electron microscopy. A JEOL JEM lOOCX scope, equipped with a X-ray detector model 3202-100 VS, KEVEX system 7000 was used at 100 V and the generated X-ray spectra were recorded during a 100-second integrated detection-time period. Quantitative estimates of the calcium-tophosphorus intensity ratios in the specimen were obtained from the characteristic K emissions for each element [ 121. Calculations were made with the standard Kevex window-ratio program. Electron diffraction patterns were obtained from the same sample and interplane spacings were calculated with gold as a standard. Formalin-futed joint tissues from two dogs were prepared for scanning electron microscopy by critical-point drying and gold coating.
Results
Clinical examination
The Great Dane puppies in the study group had relatively normal development until they were five to six weeks old, when they began to show signs of weakness of the extremities, particularly of the hind legs. At examination, the dogs' consciousness and behavior seemed normal, with no evidence of hyperexcitability or lack of responsiveness to the environment. Most were unable to stand unassisted. The 6week-old puppies had a feeble placing reflex in the foreleg, but no strength in the hind legs. Mildly exaggerated patellar tendon reflexes could be elicited in the hind legs. Muscle tone of the neck seemed normal, and there was good support of the head with the neck musculature. Optic examination showed no abnormalities. Dog 5 (table I) was clinically normal, and dog 4 showed only mild rear-leg incoordination when making sharp turns. 
Radiographic examination
Great Dane puppies with clinical signs at eight weeks of age had dorsal displacement of the seventh cervical vertebra, particularly obvious on gross radiographs after dorsal and ventral flexion. Focal radiographic densities were seen between the spinous processes of the caudal cervical and caudal thoracic vertebrae. Radiographs of necropsy specimens showed the focal lesions in clinical radiographs to be mineral deposits within the diarthrodial vertebral joints ( fig. 1 ). The amount of intra-and periarticular vertebral mineralization was thought to increase during the five to eight weeks between initial radiographic examination and necropsy. No mineralization of the intervertebral disks was seen, and no specific alterations of the appendicular skeleton were found in the younger dogs. More extensive radiologic changes were seen in the bones and joints of the older dog (dog 2). In the region of the dorsally displaced seventh cervical vertebra, there seemed to be unilateral fusion of the articular processes of the fifth, sixth, and seventh cervical and first thoracic vertebrae. There also was severe mineralization of the costal vertebral articulations with disruption of the normal vertebral bone contours. Alterations in the long bones were severe in the I-year-old dog. Arthropathy and periarticular mineralization were particularly prominent in the stifle ( fig. 2 ) and shoulder joints.
Clinical chemical studies
Of the hematologic and urinary parameters studied, most values fell into the normal range or showed slight modifications not considered significant [7] . Values relevant to the disease process are presented in tables 11, 111, and IV. Age-related changes in the values for serum phosphorus are shown in fig. 3 . All dogs with clinical signs of a nervous system abnormality and with radiographic evidence of articular mineralization had serum phosphorus values outside the 95% confidence intervals at some time during the study. The clinically normal littermate (dog 5 ) and the puppy from an unaffected litter (dog 6 ) had phosphate values similar to those reported [lo] . The serum calcium level reported showed no age-related decline. The affected puppies in the study group had serum calcium values only slightly below those reported for normal Great Danes. absorption of phosphorus. Similar quantities of phosphate were excreted in the urine during the test period by the affected Great Dane and the control dog. Table IV shows measurements of the kidneys' ability to excrete and reabsorb calcium and phosphorus, as well as the findings for urinary hydroxyproline and urinary amino acid screens. No abnormalities were found in the renal excretion or reabsorption of calcium or phosphorus. Urinary excretion of hydroxyproline was within normal limits, and there was no hyperaminoaciduria. Table V shows the values for vitamin D metabolites in dogs 3,4, and 5, litter 2, (table I) 5 ). That the vertebral canal stenosis was responsible for the neurologic signs seen clinically was verified by demonstrating wallerian degeneration in the adjacent spinal cord. The ventral surface of the seventh cervical vertebral body looked folded. In the vertebral diarthrodial joints, the articular cavity was somewhat dilated, and there was hypertrophy of the vascular synovial folds. The surface of the hyaline cartilage covering the joint surface was frayed, contained shreds of degenerated cartilage, and had superficial focal zones of basophilic mineralization. Beneath the joint capsule, the synovial lining had been replaced by cartilage and large masses of dense connective tissue which protruded into or filled the articular cavity and had large quantities of mineral embedded in its surface. Mineralization of diarthrodial joints of the axial skeleton was not seen in this dog, and no mineralization of the articular cartilage was seen in radiographs of the long bones. No other skeletal lesions were found. Lesions in the viscera were limited to soft tissue mineralization of various organs. Focal areas of mineralization were found in the capsule and septa of the spleen, were spread diffusely through the parenchyma of the lung and renal cortex, and were observed in the internal elastica of coronary arteries.
Dog 2 was 52 weeks old at necropsy, and lesions were much more advanced than those in dog 1. Mineralization of the vertebral diarthrodial joints was identifed radiographically at necropsy. Selected segments of the vertebral column were macerated in order to visualize the gross lesion. Large periarticular mineral deposits were seen around the costal facets and vertebral articulations ( fig. 6a ). In addition to dorsal displacement of the seventh cervical vertebra, the articular processes and the pedicular notch were misshapen so that the diameter of the vertebral canal was reduced ( fig. 6b) .
Electron diffraction of formalin-fixed, plastic-embedded costal diarthrodial joint tissue containing mineral deposits gave no distinct diffraction pattern or gave patterns characteristic of hydroxyapatite. X-ray microanalysis showed that the deposits were composed exclusively of calcium and phosphorus. Determination of the ca1cium:phosphorus ratios in sections of plastic-embedded mineral deposits showed that small foci that gave no diffraction pattern had a ratio near one. Large deposits had a higher value.
In contrast to the lack of lesions in the appendicular skeleton in the littermate (dog 1) necropsied at an early age, dog 2 had calcific lesions in diarthrodial joints of the limbs, particularly noticeable in the capsule of the stifle ( fig. 2) and shoulder joints  (fig. 7) . The joint capsule of the stifle was thick and the cruciate ligament was enlarged and had a granular surface ( fig. 8 ). There was scoring of the hyaline cartilage on the patellar surface of the trochlea of the distal femur. Microscopically, decalcified sections showed that the internal surface of the joint capsule was replaced by a thick layer of amorphous material. The major bones of the appendicular skeleton had a reduced length, were abnormally bent, and had trabecular bone filling the medullary cavity ( fig. 9 ). Microscopic alterations in the long bones included a thin bone cortex, excessive trabecular bone in the medullary cavity of the diaphysis, and abnormal growth plates. Microradiographs showed adequate mineralization of cancellous bone ( fig. lo) . There was degeneration of the articular cartilage and deposition of mineral along the articular surface and within the articular capsule. Microradiographs and fluorescence microscopy showed that periarticular mineral deposits incorporated tetracycline just before the calcium and phosphorus balance was done ( fig. 10 ). The growth plates were not closed. Cartilage cells were arranged in a disorderly manner and no normal cartilage columns were present. Cartilage cells of the growth plate were arranged in large elongated cell nests surrounded by acellular matrix. Large foci of calcification were scattered diffusely along the growth plate ( fig. 11 ). Soft tissue mineralization was severe and occurred in the lung parenchyma, arteries of the heart, capsule and septa of the spleen, and renal parenchyma. Other than soft tissue mineralization, no significant lesions were found in the viscera. The microscopic anatomy of the thyroid and parathyroid glands was within normal limits.
Litter 2
Dogs 3 and 4 of litter 2 were necropsied sequentially so that comparative studies could be made. Dog 5 was necropsied at the same time as dog 4. No differences were found in the distribution or the severity of joint lesions in dogs 3 and 4, although there was a difference in the clinical severity of the neurologic deficit. No histologic changes were seen in paraffin sections of vertebraljoints of the clinically normal dog (dog 5). Joint lesions were limited to the axial skeleton in dogs 3 and 4, and mineral deposits were found in the diarthrodial vertebral joints. The articular cavity of the vertebral diarthrodial joint was enlarged, and the synovial lining was hyperplastic. In some areas, there was a veil of fibrovascular tissue that projected into the articular cavity or became attached to the articular surface. The synovial surface was covered with amphophilic, amorphous material that looked slightly granular in demineralized sections. The hyperplastic synovial lining contained small multinucleated cells that had engulfed this material ( fig. 12 ). The superficial zone of the articular cartilage showed evidence of matrix degeneration. This zone had an abnormally eosinophilic surface matrix, often coated with amphophilic granular amorphous material. In other vertebral articulations, pannus formation was more severe, and the articular cavity had disappeared. Amphophilic to basophilic amorphorus material was surrounded by multinucleated cells, cartilage, and fibrous tissue. The alterations sometimes obliterated the normal architecture of the joint space and articular cartilage.
Scanning electron microscopy of the synovium of the vertebral diarthrodial joint of dog 5 showed a normal surface that varied in morphology from a smooth to a rough form ( fig. .13) . In contrast, the synovium of dog 4 contained white deposits that could be seen with a dissection microscope. By scanning electron microscopy, irregular surface formations obscured the normal synovial morphology. Individual mineral crystals of calcium pyrophosphate or calcium hydrogen phosphate could not be identified [3, 81. Rather, the surface of the deposited material was irregular. The normal cell surfaces and tissue fibers of the synovium were obscured by small, irregular spherical particles that seemed melded together to form rough-surfaced hills ( fig. 14) . A significant bone deformity, similar to that described in litter 1, was seen in the body of the seventh cervical vertebra. An additional finding was chondroid metaplasia of the nucleus pulposus of the intervertebral space between the fifth and sixth cervical vertebrae. Lesions in the long bones were not obvious in dogs 3 and 4. However, when the long bones from dog 4 were compared to dog 5, a difference in length was found. In the shorter bones of dog 4, the radiographic density and width of the metaphyseal zone adjacent to the growth plate were decreased. The reduced radiographic density was due to a reduced number of primary and secondary metaphyseal trabeculae rather than to reduced trabecular mineralization ( fig. 15 ). The growth plate of dog 4 was about half as wide as that of dog 5 and had a relatively greater quantity of intercellular substance in proportion to the number of cartilage cells ( fig. 16 ). Large areas in the cartilage columns were void of cell nuclei.
All dogs in the study group had soft tissue mineralization. Although dog 5 was free of neurologic signs and showed no joint lesions radiographically or histologically, numerous small focal mineral spheroids were seen in the gastric mucosa. In addition, mineral deposits were seen in the lumina of the collecting ducts of the renal papillae and focal mineralized zones in the renal cortex. Soft tissue mineralization was not severe in dogs 3 and 4 but was seen in the elastica of vessels, lung interstitium, and renal cortex. Studies of the parathyroid and thyroid showed no differences between dogs 4 and 5 in the ultrastructure of the parathyroid cells and thyroid "C" cells. In general, parathyroid chief cells contained moderate numbers of secretory granules and the thyroid parafollicular cells were well granulated.
Discussion
The designation of this condition as one type of calcium phosphate deposition disease is reasonable, as calcium phosphate was deposited in joints and soft tissues at an early age, and the mineralization was not secondary to any known metabolic disease. Further classification of the condition as calcium hydroxyapatite deposition disease would follow convention, because hydroxyapatite was identified by electron diffraction and no calcium pyrophosphate dihydrate or calcium hydrogen phosphate dihydrate crystals were found. The finding of hydroxyapatite in fixed tissues, however, does not imply that this crystalline form is the first formed or is the major type found in vivo. It has been shown that aqueous fixation of amorphous phosphate or octacalcium phosphate and subsequent conventional tissue processing for electron microscopy can transform the calcium phosphate into poorly crystalline hydroxyapatite [12] . It also is known that electron diffraction patterns can be obtained easily from very small volumes of calcium phosphate solid phase particles. The difficulty in obtaining good electron diffraction patterns from some deposits might be taken as evidence that the mineral was amorphous calcium phosphate. Diffraction spots were obtained when needle-shaped crystals were seen on the edge of dense deposits. Whether there is a predominance of spots or rings in the diffraction pattern is determined by the number and size of the crystals in the diffraction region. Small mineral deposits that gave no distinct electron diffraction pattern had ca1cium:phosphorus molar ratios near one; whereas larger mineral deposits that gave diffraction patterns of hydroxyapatite had higher molar ca1cium:phosphorus ratios. These findings suggest that the initial mineral phase deposited in joints may be amorphous calcium phosphate, and this undergoes a series of phase changes to form hydroxyapatite. Maturation of the mineral phase might be accompanied by a progressive increase in the ca1cium:phosphorus ratio. Similar findings have been noted in developing bone [13] . Exact molar ratios and diffraction patterns from deposits of different densities and morphologies were not obtained because the studies should be conducted on tissues processed by nonaqueous methods.
In man, the incidence of articular chondrocalcinosis associated with the deposition of calcium pyrophosphate in joints increases with advancing age, but a familial incidence has been recognized that affects both sexes and usually manifests itself clinically in the third decade of life [24] . Several distinct variants of familial chondrocalcinosis or calcium pyrophosphate dihydrate deposition disease have been recognized in which clinical patterns, age of onset, and severity vary [21] . In the Chilean type, the disease manifests itself in childhood and usually involves the spine although ankylosis of the limb joint also may occur. In some studies of hereditary calcium pyrophosphate dihydrate deposition disease of man, investigations indicate a dominantly transmitted, autosomally controlled disease [9] , and heterozygotes may have a milder form of the disease with oligoarticular involvement [15] .
Crystal deposition disease with articular chondrocalcinosis of the calcium pyrophosphate type has been described in dogs, and hydroxyapatite deposition disease in rabbits [23] . An oligoarticular form in dogs may have a hereditary basis: it has been found in related Irish Wolfhounds [16] . The disease described in this report is probably a genetic disorder, because two litters had common parents and all three litters had the same grandsire. Necropsies were not done on all dogs in a litter, and there is no sensitive indicator to permit a family survey. Therefore, it is not possible to state definitively that the disease is genetic or has a particular inheritance pattern. The large number of dogs in a litter and nearly equal sex distribution, however, indicate that the condition in Great Danes is likely to have an autosomal dominant inheritance. The finding of soft tissue calcification without joint involvement in the clinically normal littermate (dog 5, litter 2) may indicate that heterozygous dogs have a less severe form of the disease, a finding that would be similar to the inheritance pattern suggested for man. Some distinct differences can be seen between the disease syndrome of Great Danes and articular chondrocalcinosis in man. People with apatite particles in synovial fluid were adults and had chronic degenerative arthropathy resembling osteoarthritis. The pattern of disease was similar to that associated with deposition of pyrophosphate crystals [6] . The distribution of mineralized joints in Great Danes more closely resembled the familial childhood variant of calcium pyrophosphate dihydrate crystal deposition disease than it did the oligoarticular form of chondrocalcinosis that occurs in adults. The disease appears clinically at a relatively early age in Great Danes and usually appears first in the diarthrodial joints of the spinal column. Bone abnormalities are seen, but the reduced longitudinal bone growth may be a reflection of a systemic metabolic disturbance. The occurrence of soft tissue calcification has not been reported in apatite deposition disease in man, although mineralization of periarticular vessels has been found in cases of calcium pyrophosphate arthropathy. Articular chondrocalcinosis and soft tissue mineralization, particularly of the arteries, is found in New Zealand white rabbits.
The clinical chemical and metabolic studies were conducted in an attempt to make a definitive disease diagnosis rather than to study pathogenetic mechanisms. Because tests were conducted on only a few dogs, the results must be considered preliminary. All of the clinically affected dogs had serum phosphorus concentrations below the 95% confidence limits of normal reported values at some time during the observation period; whereas the values from a clinically normal littermate (dog 5, litter 2) and from an 8-week-old Great Dane from a normal breeding (dog 6) were similar to reported, standard values. No abnormalities of serum calcium and phosphorus were reported in a physiopathological study of calcium pyrophosphate dihydrate deposition disease of man. Calcium balance in two human patients was positive in both; utilization exceeded 50% [24] . The balance studies in the Great Dane showed a slightly positive calcium balance and a negative phosphorus balance with significant urinary excretion of phosphorus as compared with calcium. The unusual calcium and phosphorus balance data reflect the occurrence of soft tissue calcification at the time of the study. That the kidney was capable of phosphorus reabsorption was indicated by the finding that the maximum renal tubular phosphate per 100 ml of glomerular filtrate had a value within the range considered normal for man [l 11. Therefore, the urinary loss of phosphorus probably did not result from an inability of the kidney to reabsorb phosphorus. Although renal rickets is reported in children with defective renal tubular phosphorus reabsorption, osseous changes are not a feature of Fanconi syndrome in dogs [2] .
Since the dogs in the study group had a low concentration of serum inorganic phosphate, it was considered important to clarify further whether the uptake of inorganic phosphate by the intestinal mucosa might be impaired. X-linked familial hypophosphatemia in man is thought to result from impaired transport of inorganic phosphate in kidney and gut [18] . Oral phosphate tolerance tests have shown a primary defect in intestinal phosphate absorption in people with familial and nonfamilial hypophosphatemia [4] . Affected patients had about double the excretion of urinary phosphate compared to controls over the duration of the test. The phosphate tolerance test was considered a more sensitive index of genetic abnormality than a low plasma phosphate. When similar studies were conducted in an affected Great Dane, no defect in intestinal absorption or urinary excretion of phosphate could be shown.
The formation of mineral deposits in joints and soft tissues was considered a primary anatomical alteration rather than secondary to some other major underlying disease. The soft tissue (systemic) calcification was not considered to be an example of metastatic or of dystrophic mineralization, as it is classically defined. The serum calcium and phosphorus values were not elevated above the values reported for agematched normal Great Danes. The size and ultrastructure of the parathyroid gland did not indicate hyperplasia. Examination of microradiographs of undecalcified bone sections showed no substantial increase in bone turnover, and serum hydroxyproline values were within normal limits. Since serum values for blood urea nitrogen and creatinine were within normal limits, systemic calcification did not result from renal insufficiency. The location of renal mineral deposits in blood vessel walls and in renal tubule lumina did not suggest that mineralization followed tissue necrosis. Necrotic changes were not considered to be the cause of soft tissue mineral deposits in other organs, although there was an associated inflammation. The anatomical distribution of the mineral deposits was similar to that reported in hypervitaminosis D, but serum vitamin D levels were not elevated in animals with severe joint and soft-tissue mineralization.
Alteration in plasma vitamin D levels and plasma phosphorus may be correlated. Dogs 3 and 4 of litter 2 had severe clinical, radiographic and histologic evidence of the disease as compared to dog 5. Serum phosphorus levels were lower in the clinically affected dogs as compared to the unaffected dog at similar measurement periods. Since it has been shown that 1,25(OH)2D3 plasma levels become elevated during hypophosphatemia, the 1,25(OH)zD3 plasma levels of dogs 3 and 4 might be considered inappropriately low. On the other hand, dog 5 had a value that would be considered above normal for man (H.F. DeLucca, personal communication); no values have been reported 'for Great Danes. This increased value would be an appropriate response if dog 5 were hypophosphatemic. Possibly the differences in serum phosphorus and 1 ,25(OH)2D3 levels between clinically affected and normal dogs represent metabolic responses to some basic pathogenetic mechanism.
Factors that have been considered of pathogenetic significance in the calcium pyrophosphate type of articular chondrocalcinosis include: an abnormality in pyrophosphate metabolism [ 171, a defect in articular chondrocytes [ 191, a metabolic abnormality in formation of cartilage [25] , altered synthesis of intercellular substance, and high tissue levels of prostaglandin Ez [4] . In hydroxyapatite-type chondrocalcinosis, the finding of soft tissue mineralization adds an additional factor that may indicate that mineralization results from a metabolic defect that causes a generalized connective tissue disorder.
The clinical presentation of the Great Dane puppies less than two months old with signs of a nervous system disease was unusual, and made the initial diagnosis difficult. Ataxia caused by malformation or malarticulation of the cervical vertebrae ("wobbler disease") has been described in older Great Danes. Compression of the cervical spinal cord and narrowing of the vertebral canal in cervicospinal incoordination of older Great Danes was caused by deformation of the vertebral body [22] . The disease in the study-group dogs differed from the usual cervicospinal ataxia of Great Danes because it occurred at an earlier age and because the vertebral bodies showed no evidence of bridging osteophytes as is common in the older dogs. Vertebral deformation usually causes a flattening of the cord in the dorsoventral direction, whereas the cord in the 6-week-old Great Danes had a concentric constriction. Deposition of mineral in the diarthrodial joints and dorsal displacement of the seventh cervical vertebra were associated with deformation of the articular processes and pedicular notch, which contributed to vertebral canal stenosis. It has been postulated that the large head, relatively long neck, and rapid growth of the Great Dane produce an imbalance in the forces acting on the cervical spine [22] . Dogs with some connective tissue disease then might develop a collapsed vertebral body at the fulcrum. Dorsal displacement of the seventh cervical vertebra would lead to stenosis, particularly if the dimensions of the spinal canal had been compromised by deformation of the articular processes. The dorsal displacement of the seventh cervical vertebra should be considered a type of pathologic spondylolisthesis and not analogous to dysplastic spondylolisthesis of man, which is a congenital dysplasia of the upper sacrum or the neural arch of the fifth lumbar vertebra, allowing the upper lumbar vertebra to slip forward.
